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PATENTS ACT 1977 
P11630GB-NF/i9d 

DESCRIPTION OF INVENTION 



"IMPROVEMENTS IN OR RELATING TO CURABLE COATING 19 

THE PRESENT INVENTION relates to curable coating , and more, 
^particularly relates ; -f>tQ . curable .coating utilising 
radiation , especially radiatidn in the form of ultra-violet 
light. 

It has teen proposed previously , to provide various 
coatings which can be applied to a substrate in a liquid 
form and which can then be cured to form a solid coating. 
Typically, the liquid coating incorporates unsaturated 
organic compounds which include C=C double bonds. These 
compounds present within the liquid coating are effectively 
polymerised during the curing process. 

It has been proposed to effect the curing utilising 
high energy electron radiation. Typically " electrons are 
delivered by an electron beam accelerator which normally 
operates at a voltage ; in excess of 150kVe, although 
alternatively a nuclear source may be utilised. The 
radiation breaks some of the C=C double bonds present in 
the unsaturated organic material, generating free radicals 
which initiate free radical polymerisation of the remaining 
material. The equipment necessary to carry out this 
process is costly to purchase and has to be specially 
shielded to avoid any leakage of gamma radiation. 

There have been many proposals concerning coatings 
which can be cured, in response to ultra-violet light, 
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involving free radical initiated polymerisation; Typically 
these coatings utilise a photo-initiator . A photo- 
initiator in this process is a material that absorbs light, 
and generates free radicals. The free radicals initiate 
the polymerisation of the coating*' Photo-initiators are 
generally expensive/ and can 5 give rise to problems. For 
example-/ they can create an undesirable odour or taste 
(which may be relevant when the coating is going to be in 
contact' with a food product) and can also cause 
"yellowing", which: is a- tendency for the cured coating to 
adopt a yellow colour over the course of time.' ' ' ' 

It has been £ropbsed to provide a c 6a ting which can be 
cured 1 on exposure to ultra-violet- light which does not 
incorporate a photo-initiator. A coating of this type is 
• disclosed in US-A-5, 446, 073 . Thisi Specification teaches a 
formulation which has a balance of "acceptor" and "donor" 
species. The process described : in 'US-A-5, 446, 073 has not 
yet been adopted by industry, primarily because the 
reactive materials required are not readily commercially 
available. Also, the curing process is relatively slow 
with curie times typically ■/ being measured in terms of 
minutes. A further disadvantage of this technique is that 
it requires a combination of electron donating monomers and 
electron accepting^ monomers or ^relatively low molecular 
weight, and monomers in general are regarded as being prone 
to shrinkage during cure and aire also: regarded as being 
toxic since they may relatively easily .penetrate the skin. 

It has been discovered that short wavelength light may 
be used to effect a cure by direct fragmentation, in a 
similar way to the electron beam accelerator. Thus, it has 
been proposed to use light from excimer lamps, which have 
a wavelength of 172 run, to cure radiation curable coatings 
without the use of a photo-initiator. However, this 
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technique has only been used successfully with very thin 
coatings, typically vcoa tings less thaji l /xm thick. The 
excimer energy - is „ .not .able to ; penetrate readily into a 
coating <which< is of a greater thickness ^without excessive 
heat-feeing, generated. w *Ifj an excimer -lamp r were used to 
■ irradiate ; a 10 <;/im* thick coating, it would produce va "cured 
... / skin", on the surface, -but, not a complete c\ire. , 

The : present ( invent f on u seeks ? to . provide a UV cured 
x ; f t coating in which* th^::;4ii3advan£ages of prior proposals are 

obviated ..or; reduced. -* L ; t cc-o i,.* :, r<* , . v & . H V. . 

; According to j pne v . aspect of the 3 present invention, 
there is provided v «a methpd of coating:, a > substrate, the 
: method: comprising the steps i of applying a coating 
composition to at least selected areas of the substrate, 
exposing the coated substrate to * ultra-violet light from at 
least one lamp haying =a. power r output of 1 at least 140 watts 
, per linear centimetre in -a curing zone, to initiate curing 
of the coating, the coating: composition comprising a 
mixture including at least a reactive part comprising 
between 30% and 100% multi-functional material and being 
photorinitiator-f ree, jincludiing the step of maintaining a 
substantially inert atmosphere in the, curing zone where the 
.1.1 i substrate; is. exposedotorsaid ultra-violet light. 

■{ * t The pref erred i multi-functional materials have a 
functionality* of- at least three; 

. 1 ; Preferably, - , ihe inert atmosphere is obtained by 
purging the curing zone with inert gas such as nitrogen. 

Advantageously, the oxygen concentration in the curing 
zone is less than 1,000 ppm and preferably less than 100 
ppm. 



BNSD0CID:<GB 2327892A 1 > 



I 



Preferably, the multi-functional material comprises 
one or more reactive diluents. * 

Conveniently^ the multi-functional material comprises 
one or more materials,' each- material having a molecular 
weight in excess of 480.' ^ r : . * ; 

Advantageously, the multi-functional ^ ; material 
comprises one or more materials which have three or more 
functional acryiate ~ groups J ' - 1 : - 

^ . J* . t.;,..-v~ - r:*/ >,■/•••:, * J ..;>.• * 

Conveniently, the coating material contains a pre- 
polymer, and mdy comprise polyester acrylate, polyurethane 
acrylate , epoxyacry late or f a full 'acrylic material . 

Conveniently, the' pre-polymer is multi-functional. 

Advantageously, the coating composition comprises, in 
addition to the reactive part, a filler, and the filler may 
comprises clay, silica or magnetisable particles. 

r • • ; i. y ' . • . ' 

Preferably, the power output of the lamp is at least 
180 watts/cm and may be substantially 240 -Watts/cm. 

Conveniently, UV light from the lamp has a substantial 
spectral content in the range 200-300 nm.» . ^ 

* . ' \: . ... ■ r. ; ' f :.o ' '■ ' J . . r 

Preferably > UV ; light from the lamp has ; additional 
spectral content with peaks of approximately 370 nm, 408 nm 

and 438- nm. ' * r - 

Two or more lamps may. be provided in the curing zone. 
The lamps may hav e^dif f erent spectral properties or may 
have substantially identical spectral properties. 
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The invention relates to a substrate when coated by 
a method as described above* 

* : In order that the, invention may be more readily 
under stood , and >so that further features thereof may be 
appreciated, the invention will now be described, by way of 
example, with reference to the accompanying drawings in 
which : > . . - • .... . , ■ 

FIGURE 1 is a diagranunatic view of : an apparatus for 
use in curing a coating on a substrate; 

w . i ' e ' ' . • *: r- • :: : 7*c: v : i .•• 

? FIGURE .2 is, a graphical, indication of the, spectral 
output of a preferred uy >lamp; , , - 

FIGURE 3 is i a^ graphical representation of the spectral 
output of an alternative preferred UV lamp; and 

FIGURE ,4 shows the chemical structure of a reactant. 

Referring initially to Figure 1 of the accompanying 
drawings, an apparatus for curing /a coating applied to a 
substrate fis ^illustrated. 

An apparatus is illustrated which comprises a pair of 
rollers 1,2 adapted to guide a substrate 3 > such as a sheet 
of aluminium foil or a sheet of paper, through the 
illustrated apparatus. The substrate. 3 is coated, before 
entering the apparatus, completely or partially, with a 
curable composition which will be described in greater 
detail hereinafter. The curable composition may be applied 
as an ran-broken coating or may be applied in the form of 
printing. 
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The rollers' *i, 2 guide* the substrate 3 through a 
channel 4 defined between a cooled backing plate 5, and a 
super- imposed cover 6. The cover* 6 supports two lamps 7,8. 
T he lamp s l can { be a ,y D" lamp , as^ suppl ied by Fusion Inc . 
The lamp 7 is located above ' a quartz window 9 that is 
sealed against the' cover ' 6 ? so -that light from - the lamp 7 
may' shine through the quartz window 9 on to the substrate 
■ ' ' 3 as it passes through a curing zone formed by the 

channel 4.- ' .w-v 

The v : lampJ^8;. can be a- l! H" lamp^ as supplied by Fusion 
Inc. and is also associated with a quartz window 10 which 
is formed integrally with the cover 6 so that light from 
the lamp 8 can pass through the quartz window 10 into the 
curing zone in channel 4, and thus oh to the substrate 3. 

The lamps 7, 8 each -have a focussing ref lector. The 
' position of the lamps 1 may" be ^ interchanged. In an 
alternative embodiment, only one lamp may be used, or two 
lamps of the same type may be used. 

<The lamps 7 and ? 8 emit UV light with wavelengths in 
the band 20 0 to 550 mm.. The light is directed on to the 
substrate in a region in the central part of the channel 4. 

-.':!'« The channel * 4 - x is flushed with; nitrogen in* order to 

ensure that there is an inert atm osp here having a> minimum 
quantity of oxygen within the channel. Thus, nitrogen is 
introduced through an inlet conduit 11 and passes to a 
dispersing nozzle 12 known as the "inlet knife 91 which is 
located on 5 the under-side of the cover 6 v aboye the 
roller 1, and which is adapted to prevent oxygen entering 
the channel 4. The nitrogen flows along the channel 4, 
past the region where -the UV light is directed on to the 
substrate; in the same direction as the direction of 



BNSDOCID:<GB 2327892A I > 



-7- 



movement of the substrata 3. Nitrogen may also be injected 
into the channel 4. via nozzles located around the periphery 
of each, quartz window.. At the, end, of the channel 4 
adjacent the roller 2 nitrogen flowing through a conduit 13 
is passed through a nozzle 14 on, the underside of the cover 
into, the channel 4. Thus, there is a continuous flow of 
: nitrogen within ., the . channel 4 such rthat the concentration 
of oxygen within the channel 4 .is , less than 1,000 ppm and 
preferably less than 100 ppm* Instead of using. nitrogen , 
other inert gases could be used. However, nitrogen is 
preferred because,, it -is tfce least expensive inert gas. 



,The lamps 7 , and 8 are supplied -in? a modular form, each 
module is 25.4 mm wide and extends transversely across the 
.direction of movement, of tjie; web ,3 through the channel 4. 
The lamps are high intensity lamps using medium pressure 
mercury vapour > bulbs operating at a power level in excess 
of ,140 watts per linear centimetre, preferably in excess of 
180 watts per linear 4 r centimetre, and most preferably in the 
region of 240 watts per linear centimetre. 



I — ^ The output spectrum of tlje^'D" lamp> is illustrated 
in Figure 2 . It can be obs er veo^Efia t the spectrum has a 
substantial spectral; content within the range of 350-450 
nm, with specific peaks at 355, 370, 383 and 408 nm. There 
is* spectral 'content in : the region of 200-350; nm, although 
^-the spectral cpntent in the 200-250 nm range; is minimal. 



The ; spectrum of the^ ^^^^m ^ 8 is illustrated in 
Figure 3. It can be seen that the spectrijm has substantial 
spectral content in the region of 200-300 nm, with the 
spectral content at the longer wavelengths being restricted 
to isolated peaks at 312 nm, 370 nm, 408 nm and 438 nm. 
The spectral content in the region of 200-300 nm comprises 
a very broad peak centred on 225 nm and spanning the area 
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x from 210-240 ran and a furthest relatively broad peak, which 
is less clearly defined, but which is substantially centred 
on 262 ran and effectively spans the range of 240-280 run. 
It is believed that this very substantial spectral content 
at these very short wavelengths' plays ;a significant role in 
- creating free' radicals «to< , initiate polymerisation. The 

very high energy present in the well defined peaks at 
higher frequencies may also contribute. 

■ The reactive part of the curable coating that is 

r 

applied to the web 3 does^nbt ^jsonta^ , 
but does contain a substantial proportion (between 30% and 
100% by. ? weight) of multi-functional radiation curable 
elements. A multi-functional radiation curable element is 
a radiation curable element which comprises two or more 
functional groups. Functional groups are acrylate groups 
with C=C double bbnds. If functionality is expressed as a 
number, the number indicates the number of C=C double bonds 
available to react, present in acrylate groups. 

The radiation curable elements are preferably of low 
viscosity and can be considered to be reactive diluents, 
not only providing reactive capabilities , but also 
maintaining, in the unreacted state , • the desired liquid 
properties of the coating mat erdal.. b ■ 

• - : * < 1 i * vU^ - v, :• . r.,c: 

* '■■ ' It is pref erred that- the :averagei molecular weight of 
any single multi-functional' radiation r curable element 
utilised in the curable coating should be greater than 480. 
* It has been found that relatively low molecular weight 
radiation curable * elements may give rise> to skin 
irritation. It is, however, believed that by utilising a 
molecular weight greater than 480, the risk of skin 
irritation arising is substantially reduced or obviated. 
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Typical examples of fmultirf unctional radiation curable 
.... reactive diluents are propoxylated pentaerythritol tetra- 
: : aery late or ; ethoxylated pentaerythritol. tetra-acrylate. An 
alternative material comprises M OTA 480", . a -triacrylated 
low Viscosity material available from UCB Chemicals of 
Aiiderlecht ,Str.^.;33 # B-1620 Drogenbos> Belgium. The 
structure of : OTA .480 is shown in Figure 4. . 

The curable coating may optionally comprise, in 
r. addition to the > react iye par£, a> npn-re^ctive part or 
, f iller ■> that may, ; ppmprise ; ; .cl?ny v pr^ silica r In some cases , 
* where the coating is, _ to * -have magnetic, properties, the 
filler may comprise metal > particles that may be magnetised. 

It is believed tha£^ t Ithe. = . s?ery : high intensity UV "\ 
.p radiation applied by ^the, lamps to the curable material 
generates sufficient :,fr.ee xradica Is to initiate the curing 
of the coating v . 

As the reaction takes place within the substantially 
inert atmosphere, it is thought that even though a 
relatively low number of radicals may be produced, because 
of the high functionality of the coating material, and 
because the radicals, are not subject to oxygen quenching, 
the radicals that are /available; to initiate the reaction 
are sufficient to enable the reaction to proceed very 
, rapidly, i Although 'umulti-f unctional materials, where 
functionality is greater than 3, are highly reactive, they 
are believed r to undergo a relatively low level of 
conversion to form a fully cured coating, when compared to 
mono or di-f unctional materials. 

It is believed that the physical properties of a 
coating formed solely from multi-functional reactive 
diluents of low viscosity, whilst sufficient for many 



I 
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purposes, may not be considered sufficient for use as a 
high performance coating. In order to produce a coating 
formulation that exhibits solvent resistance and stain 
resistance, it has been .found, appropriate to combine, with 
the reactive diluents', a pre-polymer which preferably 
contains some unsaturation. A pre-polymer is a reactive 
material of relatively high viscosity. A pre-polymer, when 
used alone; does not exhibit liquid properties that are 
appropriate for a coating material that could be used for 
example; in a direct gravure coating process. Examples of 
suitable pre-polymers are polyester acrylates, polyurethane 
acrylates and epoxy acrylates. The functionality pf these 
materials is normally 2 or 3 but can be. ,up to 6. It is 
thought: that the higher the functionality of the pre- 
polymers, the faster the curing performance of the coating. 

EXAMPLE 1 '. ". , .. 

A series of multi-functional materials were coated on 
to aluminium foil at a coat weight of approximately 10g/m 2 . 
The coated foil was passed through a curing apparatus, 
similar to that shown in Figure i, but with only one lamp 
at a speed of 20 m/min. Initially, , the lamp was an "H M 
lamp, and subsequently the experimen t was repeate d using a 
W D M lamp'. The lamps were each operated at a power level of 
240 watts /centimetre. The cured coating was subsequently 
tested using an acetone rub test utilising a SATRA rub 
tester. Such a tester provides an indication of the degree 
of curirig. Solvent resistance is indicated as the number 
of double rubs effected before the coating applied to the 
aluminium foil is removed. The greater the number of rubs, 
the more solvent resistant is the coating. 
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Coating Composition 


1 

"Solvent Resistance - Acetonej 

rubs 




H Bulb 


• D Bulb 


Tjripropan-glycpl- 
diacrylate 

t OTA , 480 . triacrylate^ ; 


i .v :r -r— - 
1 

<2 


< - 

<2 | 

* ? ■ ■ * ' * r, 


Tetra-acrylates r 






Ebecryl 40 (UCB) 


95 


<2 


Ethoxylated- 
pentaerythritol 
tetra-acrylate 
(Croda) 


45 


<2 


Tetra-acrvlate with 
pre-oolvmer 






Actilane 320 PP 50 
Epoxy acrylate with 
50% Propoxy^ated- 
£entaerythritbl 
'■ tetra-acrylate r. 


150 


<2 

« : ) 
i 



Ebeqryl 40 is a tetra-f unctional acrylated reactive 
diluent available from UCB Chemicals- The ethoxylated 
pent aery thritol tetra-acrylate was obtained from Croda 
Resins Ltd. of Crabtree Manorway, .South Belvedere, Kent 
DA17 6BA . Actilane 320 PP 50 is obtained from Ackros 
Chemicals, Eccles Site, Bentcliffe Way, P.O. Box 1, Eccles, 
Manchester M3 0 0BH. 
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^ Example 1 shows that when the coating composition 

/ comprises only a di-acrylate / the solvent resistance has a 
very low value. When tri-acrylates or tetra-acrylates are 
utilised, a much greater degree of solvent resistance is 
achieved. When a tetra-acry late mixed with a. pre-polymer 
is utilised, there is substantial improvement in the 
, performance of the cured coating. This is believed to be 
1 due to the introduction of higher molecular weight epoxy 
\ groups in the cross-linked structure of the coating. 

EXAMPLE 2 

A coating* of HH52-0103 02 EBC foil coating material 
obtained from Glasufit GmbH, Postfach 6123, D-48136 
Muenster, Germany, was applied at a coat weight of 
approximately iOg/m 2 to an a:luminium foil. This material 
comprises a relatively '» small proportion epoxy acrylate and 
a relatively large proportion of ethoxylated 
pentaerythritol tetra-acry late. The coated foil was passed 
at various ; speeds through a curing apparatus similar to 
that shown in Figure 1 but with o nly a si ngle "H M lamp 7 
operating. In an initial series of experiments, the "H" 
* lamp was operated at a power of 240 watts per centimetre 
and ih andther series of ; experiments the "H" lamp was 
operated at a power of * 160 watts per centimetre. The 
- 'acetone riib test-as described with reference to Example 1, 
was subsequently used t6 indicate -the degree of curing. 
The results are shown in Table 2. . 
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TABLE 2 



Speed 


Solvent Resistance 
Acetone rubs 


**•; r ; \ x< - > <■■ . •• . . ■.::„".?■ 
.30 M/min 
40 M/min , 
50, M/min v . - — 
60 M/min 


@ 240 W/cm 
100 

35 

4 


: @ 160 W/cm 
11 

• , 9 

: 1 
1 



r Example 2 illustrates tbat the degree of curing of the 
. ; coating is iiriprpved v #hen the coating t is ipyovided with a 
substantial energy ; ijiput in. the ,-UV, spectrum. The best 
. results are achi£jve>d with a relatively low speed of 
: movement of . the. substrate through the curing apparatus and 
with the application of very, . intense high energy light. It 
can be seen that it is .important, for a satisfactory cure 
to be achieved, for there to be a sufficient power input 
for a suff icient -period of time. The . degree of cure 
achieved does not increase line.arly • with lower speed of 
passage through the curing,, zone (i.e. does not -increase 
linearly with the : exposure time : to intense UV light) . As 
cam be seer?, especially- at 240 watts per centimetre, the 
degree of : pure - achieved, increases.., very substantially, 
♦ almost exponentially , c; with increased residence tiit^e in the 
curing zone. ^ 

It is believed that an even higher degree of cure can 
be achieved utilising two lamps within the curing zone. , 
This is shown in Example 3 where the same coating is 
applied and cured using two lamps at a much higher speed. 
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EXAMPLE 3 

A coating of HH52-0103 02 EBC foil coating material 
was coated oh to a printed paper (Paper 13-2606) , using a 
gravure coating unit at a ctfat weight of ' approximately 8 
g/m 2 and a run speed of 80 metres per minute. The coated 
paper was passed through a UV curing apparatus of a type 
illustrated in Figure 1 flushed with nitrogen gas to as to 
achieve a residual oxygen level within the curing region of 
/—-less than 100 ppm. The curing zone was illuminated, 
through quartz windows, by two high intensity UV lamps, one 
M H" bulb and one "D" bulb utilising focus-reflectors to 
direct UV light on to the coating to cure it to form a dry 
film, the two lamps operating at a power of 240 watts per 
linear centimetre. 

The solvent resistance was greater than 50 acetone 
rubs (measured as in Example 2) . 

To test the performance of the coated paper as a 
furniture surfacing material, a sample of the coated paper 
was laminated, using aminoplast adhesive, on to a piece of 
chipboard. Then stain and scratch tests were carried out 
using the techniques described in ISO 4211. For comparison 
purposes, the test run was repeated, adding^ t o the coating 
materi al the photo-initiator recommend ed by, and obtainable 
from, Glasurit GmbH, which is a me thy 1 -phen y 1 -g ly oxy l a te 
identified as SR07 64 1H. This^ coafEed paper was also 
laminated to a piece of chipboard using aminoplast 
adhesive. For further comparison, a sample of commercially 
available furniture foil which had been lacquered using a 
water-based amino polyester lacquer and then thermally 
cured, was also laminated, using aminoplast adhesive, to 
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chipboard to represent a current commercially acceptable 
industry performance standard. 

■ , Thjs, result are given in Table 3, where stain 
Resistance is vindicated on., ^ 1-5 scale (5 being the best 
result y and 1 being the worst result). f , 
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Example 3 indicates that a coating composition in 
accordance with the present invention, with no photo- 
initiator , provides a superior performance to a coating 
composition which does include a photo- initiator . The 
performance achieved by the material of the present 
invention is very similar to, the performance achieved by 
the r industry-acceptable-standard utilised ; for comparison 
purposes* Furthermore, by utilising a preferred 

combination of UV lamp power, spectrum and reactive 
materials, the process can operate at higher speeds. 

Consequently, it is believed that the present 
invention provides a method of producing , an industry- 
acceptable material without the use of photo-initiators, 
but whilst still providing the other advantages of UV 
] curing. _ , 

The coating techniques described above have been 
found to be particularly suitable for apply ing __cc^tajiqs--jto 
flexible papers or films, such as papers or films produced 
on high speed coating and printing machines. The coatings 
have been found to be especially valuable for use on 
; surfaces that are found in the home environment. Thus, the 
coatings may be applied to surfacing materials intended for 
application to furniture, walls, floors: and ceilings. 
However, it, is to be understood that the method described 
above may be utilised for less demanding coating 
applications, such as varnishes for books, magazines or 
record sleeves. The method described above may also be 
utilised for fabricating coated materials for use in 
packaging where low odour coatings, or coatings which do 
not impart a "taste" to products, are of particular value. 
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CLAIMS ; 

1. A method of coating a substrate, the method comprising 
the steps of apply irig a " coating- composition to at least 
selected areas of the 5 substrata, ' exposing the coated 

v substrate to ultra-violet light- from" at least one lamp 

having a power output of at least 140 watts per linear 
centimetre in a curing zone, to initiate curing of the 
coating, the coating composition comprising a mixture 
including at least a teactive^ part comprising between 30% 
and 100% multi-functional material and being photo- 
initiator-free/ 'including :thb step of maintaining a 
substantially inert atmosphere iri the curing zone where the 
substrate is exposed to said ultra-violet light* • 

2. A ' method according to Claim 1 wherein the inert 
atmosphere is obtained by purging the sa:id curing zone with 
inert gas. 

3* A method according to Claim 2 wherein, the inert gas 
comprises nitrogen. 

4 . A method according tof any one of the preceding Claims 
wherein the oxygen concentration within the said curing 
zone is less than 1,000 parts per million. 

5. A method according to Claim 4 wherein the oxygen 
concentration is less than 100 parts per million. 

6. A method according to any one of the preceding Claims 
wherein the multi-functional material comprises one or more 
reactive' diluents* " ^ r 

7. A method according to any one of the preceding Claims 
wherein the multi-functional material comprises one or more 
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materials, the or each material having a molecular weight 
in excess of 480. 

8. . A method according to v >any one of the preceding Claims 
wherein the multi-functional .material comprises one or more 

: materials, which have three or more functional aery late 

groups. . 

9. A method , accQrding ; • t o Claim r : 6, 7 or 8 wherein the 
.■;,£: coating ^material ^.dditipn^ily contains a pre-polymer. 

■■- • • \, . v: ,/ i\ ~.: IiW7.:>i*fr r.ft'f ' r ^C : . - 

. 10/. i A method according tp : Glaim s 9 wherein the pre-polymer 
comprises ; polyester _ : aery late, polyur ethane aery late, 
epoxyacrelate ,f i or - a /full i aery late c material . 

11. A method according -to ? Claim 9 or 10 wherein the pre- 
. polymer is irtulti-f junctional* u _ : - 

12. A method according to any one of the preceding Claims 
wher ; einr the coating composition comprises,, in addition to 
the reactive part, a filler. 

13. A method according to Claim 12 wherein the filler is 
. /- clay. . 5 • f. v,- , -* * • 

14. A method according to Claim 12 wherein the filler is 
silica. :-.;>a~ .-o. iv . /. 

15. A method according to Claim 12 wherein the filler is 
magnetisable particles. . , • 

16. A method according to any one of ,the preceding Claims 
wherein the power output of the lamp is at least 180 
watts/cm. ... 
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17 • A method according to Claim 16 wherein the power 
output of the lamp is substantially 240 watts/cm. 

18. A method according to any one of the preceding Claims 
wherein UV light from the lamp has a substantial spectral 
content in the range of 200-300 run. 

19. A method according to Claim 18 wherein UV light from 
the lamp has a spectral content at peaks of approximately 

370 nm, 408 nm and 438 rim; : ' • ' ' ' :? 

. ' '■ \j '.■ 

20. A method according to any one of the preceding Claims 
wherein two lamps are provided: in the curing^ zone, the 
lamps having different' "spectral properties. 

21. , A method according- ; to any . one of , Claims 1 to , 19 
wherein two lamps are provided in the curing zone, the 
lamps having substantially identical spectral properties. 

22. A substrate when coated by a method according to any 
one of the preceding Claims. 

23. A method of coating a substrate substantially as 
herein described by way of example. • 

24. Any novel feature or combination of features disclosed 
herein. 
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